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(S) Bidirectional printed antenna 

(57) A bidirectional printed antenna includes a 
dielectric substrate (33) having first and second 
surfaces which are substantially in parallel, at 
least one pair of radiation element conductors 
(31, 32) having the same shape and the same 
size, each pair of which is arranged on the first 
and second surfaces at positions opposing with 
each other, respectively, a feeding circuit (34, 
35, 36, 37) coupled to at least one edge of each 
of the radiation element conductors, and a 
ground conductor (37) arranged on the second 
surface. The ground conductor (37) covers at 
least an area outside of the edge of the radiation 
element conductor, which edge is coupled to 
the feeding circuit, and an area outside of the 
opposite edge with respect to the radiation 
element conductor by leaving a gap of a pre- 
determined width between the radiation ele- 
ment conductor and this ground conductor. 
The antenna further includes a first strip con- 
ductor (34, 35) arranged on the first surface and 
connected to the radiation element conductor 

(31) on the first surface; and a second strip 
conductor (36) arranged on the second surface, 
for connecting the radiation element conductor 

(32) on the second surface with the ground 
conductor. The above-mentioned feeding cir- 
cuit includes an unbalanced feed line which 
consists of the ground conductor (37) and the 
first strip conductor (35), and a balanced feed 
line which consists of the first and second strip 
conductors (34, 36). 



Fig. 3a 
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FIELD OF THE INVENTION 

The present invention relates to a simple and 
highly efficient printed antenna having a bidirectional 
radiation pattern spreading toward directions perpen- 
dicular to surfaces of its printed substrate. Particular- 
ly, the present invention relates to a bidirectional 
printed antenna which is appropriate to a base station 
antenna for a street microcell in a personal commu- 
nication system. 

DESCRIPTION OF THE RELATED ART 

in a personal communication system such as 
PHS (Personal Handyphone System), it is desired to 
realize a highly efficient base station antenna which 
is specially suited for its microcells. For a base station 
antenna of the microcell, especially of a street micro- 
cell having a cellular zone extending along a street, a 
bidirectional antenna having a radiation pattern which 
spreads along the street will be suited rather than a 
general rod antenna having an omnidirectional radia- 
tion pattern in the horizontal plane. This is because 
the former can increase the zone length of the street 
microcell. Furthermore, to attach many of antennas to 
street structures located along the side of the street, 
e.g. utility poles, the base station antennas should be 
constituted in simple and small. For satisfying these 
requirements, printed antennas such as microstrip 
antennas or parallel patch antennas may be best fit- 
ted. 

The microstrip antenna of resonator type with a 
circular or rectangular shape is known, for example, 
by I. J. Bahl and P. Bhartia, "Microstrip Antennas", Ar- 
tech House, USA, 1980. Since one surface of the mi- 
crostrip antenna is necessarily made as a ground 
plane, this microstrip antenna has a single-directional 
pattern radiating from the other surface only. There- 
fore, in order to provide a bidirectional radiation pat- 
tern radiating from both surfaces of the antenna sub- 
strate by using the microstrip antennas, it is neces- 
sary to superpose two of them so that their ground 
planes are opposite with each other to synthesize the 
radiation patterns of the two microstrip antennas. 
However, such constitution causes antenna structure 
to complicate. Furthermore, it is difficult to obtain a bi- 
directional radiation pattern with good plane- 
symmetry because there may occur phase differenc- 
es between the radiations from the microstrip anten- 
nas. 

As another kind of the printed antenna, a parallel 
patch antenna is known. This antenna is constituted 
by a substrate and two parallel patches which have 
the same shape and the same size and printed on the 
both surfaces of the substrate at plane symmetrical 
positions, respectively. 

Fig. 1a is an oblique view of an example of a con- 
ventional parallel patch antenna, Fig. 1b is a plane 



view indicating conductor pattern formed on the front 
surface of its substrate, and Fig. 1c is a plane view 
indicating conductor pattern formed on the rear sur- 
face of the substrate. 

5 In these figures, reference numerals 11 and 12 

denote radiation element conductors (radiation patch- 
es) formed in a predetermined pattern on the both 
surfaces of the dielectric substrate 13, respectively. 
On the front surface of the substrate 13, one end of 

10 a strip conductor 15 is coupled to the radiation patch 
11 via a strip conductor 14. On the rear surface of the 
substrate 13, one side of a ground conductor 17 is 
coupled to the radiation patch 1 2 via a strip conductor 
16. The parallel strip conductors 14 and 16 constitute 

15 a balanced feed line, and the strip conductor 15 and 
the ground conductor 17 constitute an unbalanced 
feed line. The other end of the strip conductor 15 is 
connected to a central conductor (not shown) of a 
connector 1 8 and the ground conductor 1 7 is connect- 

20 ed to aground conductor (not shown) of the connector 
18. 

Figs. 2a and 2b show the measured result of the 
radiation characteristics of the above-mentioned con- 
ventional parallel patch antenna shown in Figs. 1a to 

25 1c. As shown in Fig. 2a, the radiation pattern of this 
antenna is bidirectional in the magnetic field plane (H- 
plane). However, as shown in Fig. 2b, the radiation 
pattern becomes omnidirectional or elliptic shape 
pattern in the electric field plane (E-plane). In this 

30 case, the E-plane is vertical plane perpendicular to 
the radiation patches 11 and 12, and the H-plane is 
horizontal plane also perpendicular to the radiation 
patches 11 and 12. The measurement of Figs. 2a and 
2b was carried out by using a Teflon glass laminated 

35 substrate 13, formed in a rectangular shape, having 
a relative dielectric constant of 2.55, thickness of 1 .6 
mm and size of about 10 cm X 10 cm. Also, the radi- 
ation patches 11 and 12 were formed in a square 
shape and the measurement frequency was 2.2 GHz. 

40 As will be apparent from the above description, 
the conventional parallel patch antenna shown in 
Figs. 1a to 1c cannot expect bidirectional radiation 
characteristics in both the H-plane and the E-plane. 

45 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a high radiating efficiency and high gain 
printed antenna having bidirectional radiation charac- 

so teristics in both the magnetic field plane and the elec- 
tric field plane. 

According to the present invention, the above- 
mentioned object is achieved by a bidirectional print- 
ed antenna including a dielectric substrate having 

55 first and second surfaces which are substantially in 
parallel, at least one pair of radiation element conduc- 
tors having the same shape and the same size, each 
pair of which is arranged on the first and second sur- 



2 



3 



EP 0 688 040 A2 



4 



faces at positions opposing with each other, respec- 
tively, a feeding circuit coupled to at least one edge 
of each of the radiation element conductors, and a 
ground conductor arranged on the second surface. 
The ground conductor covers at least an area outside 5 
of the edge of the radiation element conductor by 
leaving a gap of a predetermined width between the 
radiation element conductor and this ground conduc- 
tor, which edge is coupled to the feeding circuit, and 
an area outside of the opposite edge with respect to 10 
the radiation element conductor by leaving a gap of a 
predetermined width between the radiation element 
conductor and this ground conductor. The antenna 
further includes a first strip conductor arranged on 
the first surface and connected to the radiation ele- 15 
ment conductor on the first surface, and a second 
strip conductor arranged on the second surface, for 
connecting the radiation element conductor on the 
second surface with the ground conductor. The 
above-mentioned feeding circuit includes an unbal- 20 
anced feed line which consists of the ground conduc- 
tor and the first strip conductor, and a balanced feed 
line which consists of the first and second strip con- 
ductors. 

In a parallel patch printed antenna which has ra- 25 
diation element conductors (radiation patches) 
formed on the both surfaces of a dielectric substrate 
in the same shape and the same size at plane sym- 
metrical positions, the ground conductor is formed in 
the same surface as one of the radiation patches so 30 
that this ground conductor is not contact with this ra- 
diation patch by leaving a gap of a predetermined 
width between them. Therefore, the radiation pattern 
in the E-plane becomes bidirectional and also the di- 
rective gain increases. Thus, a bidirectional antenna 35 
with higher gain can be expected. Also, by forming 
this ground conductor over the remaining area, the 
feeding circuit to the radiation patches can be easily 
arranged by means of the unbalanced microstrip feed 
line on the substrate. Namely, according to the pres- 40 
ent invention, a printed antenna having a bidirectional 
radiation pattern in both the E-plane and the H-plane 
with good symmetry property and higher gain can be 
provided in a simple structure. Accordingly, the pres- 
ent invention can provide a bidirectional printed an- 45 
tenna which is appropriate to a base station antenna 
for a street microcell in a personal communication 
system. 

Preferably, the ground conductor is arranged 
around the radiation element conductor by leaving a so 
gap of a predetermined width between the radiation 
patch and the ground conductor. Thus, especially in 
case of an array antenna provided with a plurality of 
antenna elements formed on a single substrate, such 
whole area covering of the ground conductor can ss 
make the arrangement of the unbalanced feed lines 
extremely easier. 

It is preferred that a plurality of pairs of the radi- 



ation element conductors are arranged on the sub- 
strate in an array. 

In an embodiment according to the present inven- 
tion, each of the radiation patches is formed in a 
square shape having four sides. The balanced feed 
line is connected to one of the four sides of the radi- 
ation patch at its center. 

In an embodiment according to the present inven- 
tion, each of the radiation patches is formed in a rec- 
tangular shape having long sides and short sides 
which are shorter than the long sides. The balanced 
feed line is connected to one of the long sides of the 
radiation patch. Therefore, the feeding point can be 
freely selected depending upon the characteristics 
impedance of the balanced feed line so as to obtain 
impedance matching. As a result, no additional impe- 
dance matching section is necessary causing the cir- 
cuit configuration to become simple and small. This 
technique is extremely advantageous for realizing a 
bidirectional radiation rod antenna more simple con- 
struction. 

The balanced feed line may be connected to the 
long side of the radiation patch at an off-centered 
point. 

In an embodiment according to the present inven- 
tion, the antenna further includes at least one pair of 
parasitic element conductors (parasitic patches) with 
no feeding. These parasitic patches oppose the radi- 
ation patches, respectively. Each of them has sub- 
stantially the same shape as that of the radiation 
patch and locates at a position apart from each of the 
radiation patches by a predetermined distance. Thus, 
the electric field captured between the parallel patch- 
es will be radiated causing the radiation efficiency to 
extremely increase. 

In an embodiment according to the present inven- 
tion, the antenna further includes at least one slot and 
a third strip conductor arranged on the first surface 
to be crossed with the slot. The slot is fed by an un- 
balanced feed line which consists of the third strip line 
and the ground conductor. Thus, an antenna which 
can excite both the vertical and horizontal polariza- 
tions or the circular polarization can be easily realized 
in a simple structure. 

A plurality of pairs of the radiation patches and a 
plurality of the slot may be arranged on the substrate 
in an array. In this case, the number of the slot is the 
same as that of the pairs of the radiation patches. 

In an embodiment according to the present inven- 
tion, the unbalanced feed line has a predetermined 
line length and a predetermined line width so that ex- 
citing phase and exciting amplitude of the radiation 
patches are controlled to a desired phase and to a de- 
sired amplitude, respectively. As a result, it is possible 
to provide an array antenna having a desired radiation 
characteristics in a simple circuit constitution. 

In an embodiment according to the present inven- 
tion, the antenna further includes a 90° hybrid insert- 



3 



5 



EP 0 688 040 A2 



6 



ed between the unbalanced feed line for feeding to 
the radiation patches and the unbalanced feed line for 
feeding to the slot. Thus, a circular polarization anten- 
na can be provided in a simple structure. 

Further objects and advantages of the present in- 
vention will be apparent from the following descrip- 
tion of the preferred embodiments of the invention as 
illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1a to 1c described already show an exam- 
ple of a conventional parallel patch antenna; 
Figs. 2a and 2b described already show meas- 
ured radiation characteristics of the parallel patch 
antenna of Figs. 1a to 1c; 
Figs, 3a to 3e show a first preferred embodiment 
of a printed antenna according to the present in- 
vention; 

Fig. 4 shows measured radiation characteristics 
of the antenna of Figs. 3a to 3e; 
Fig. 5 shows a second preferred embodiment of 
a printed antenna according to the present inven- 
tion; 

Figs. 6a and 6b show a third preferred embodi- 
ment of a printed antenna according to the pres- 
ent invention; 

Fig.7 shows advantages of the embodiment 
shown in Figs. 6a and 6b; 
Fig. 8 shows a fourth preferred embodiment of a 
printed antenna according to the present inven- 
tion; 

Figs. 9a to 9c show a fifth preferred embodiment 
of a printed antenna according to the present in- 
vention; 

Figs. 10a and 10b show measured radiation char- 
acteristics of the antenna of Figs. 9a to 9c; 
Fig. 11 shows a sixth preferred embodiment of a 
printed antenna according to the present inven- 
tion; 

Fig. 12 shows a seventh preferred embodimentof 
a printed antenna according to the present inven- 
tion; 

Fig. 13 shows an eighth preferred embodimentof 
a printed antenna according to the present inven- 
tion; and 

Fig. 14 shows a ninth preferred embodimentof a 
printed antenna according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

Figs. 3a to 3e show an antenna structure of a first 
preferred embodiment according to the present in- 
vention, wherein Fig. 3a is an oblique view of this an- 



tenna, Fig. 3b is an oblique view indicating conductor 
pattern formed on the front surface of its substrate, 
Fig. 3c is an oblique view indicating conductor pattern 
formed on the rear surface of the substrate, Fig. 3d 
5 is a sectional view taken on a D-D line in Fig. 3b, and 
Fig. 3e is a sectional view taken on an E-E line in Fig. 
3b. 

In these figures, reference numerals 31 and 32 
denote radiation element conductors (radiation 

10 patches) formed in a rectangular shape such as a 
square shape on the both surfaces of the dielectric 
substrate 33, respectively. These patches 31 and 32 
are formed in the same shape and the same size on 
the respective surfaces of the substrate 33 at posi- 
ts tions opposing to each other, namely at plane sym- 
metrical positions. 

On the front surface of the substrate 33, strip 
conductors 34 and 35 are formed other than the radi- 
ation patch 31. One end of the strip conductor 35 is 

20 coupled to approximately the center of one side of the 
radiation patch 31 via the strip conductor 34. On the 
rear surface of the substrate 33, a strip conductor 36 
and a ground conductor 37 are formed other than the 
radiation patch 32. The ground conductor 37 is 

25 formed over the remaining whole area around the 
patch 32 by leaving a gap of a predetermined width 
between them as clearly shown in Fig. 3c. The patch 
32 and the ground conductor 37 are connected each 
other by the strip conductor 36 formed at a position 

30 of the gap. 

The strip conductors 34 and 36 are located on the 
respective surfaces of the substrate 33 in parallel at 
positions opposing to each other, namely at plane 
symmetrical positions, and thus constitute a bal- 

35 a need feed line. The strip conductor 35 is located on 
the front surface at a corresponding position where 
the ground conductor 37 is formed on the rear sur- 
face, and thus constitutes with the ground conductor 
37 an unbalanced feed line. The other end of the strip 

40 conductor 35 is connected to a central conductor (not 
shown) of a connector 38 and the ground conductor 
37 is connected to a ground conductor (not shown) of 
the connector 38. 

The length of the radiation patches 31 and 32 

45 (resonant length) a should be determined in accor- 
dance with the resonant frequency taking "fringing ef- 
fect" into consideration. It is known as "fringing effect" 
that the length of the radiation patch of such the an- 
tenna seems to be electrically longer than its real 

so length a due to possible leakage of electric field from 
the edge of the patch and that it will resonate at a fre- 
quency corresponding to this longer length. Such 
"fringing effect" is described, for example, in the 
aforementioned I. J. Bahl and P. Bhartia, "Microstrip 

55 Antennas", P57, Artech House, USA, 1980. 

Before connecting the radiation patches 31 and 
32 with the balanced feed line 34 and 36, according 
to this embodiment, it may be necessary to realize im- 
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pedance matching by adjusting their respective impe- 
dances to coincide each other or by inserting an im- 
pedance matching section between them. 

Since the radiation patches 31 and 32 are fed by 
the parallel feed lines 34 and 36 formed respectively 5 
on the opposite surfaces of the substrate 33, these 
patches 31 and 32 are excited in inverted phase each 
other. Accordingly, it is possible to radiate beams in di- 
rections perpendicular to the surfaces of the printed 
substrate 33. 10 

As described before, the conventional parallel 
patch antenna shown in Figs. 1a to 1c has the radia- 
tion pattern of omnidirectional or elliptic shape in the 
E-plane as shown in Fig. 2b. However, according to 
this first embodiment, since on the rear surface of the 15 
substrate 33, the ground conductor 37 is formed over 
the remaining whole area around the patch 32 by 
leaving a gap of a predetermined width between 
them, the radiation pattern in the E-plane becomes 
bidirectional and also the directive gain increases. 20 
Thus, a bidirectional antenna with higher gain can be 
expected. In order to obtain the bidirectional radiation 
pattern in the E-plane, it is not necessary to form the 
ground conductor 37 over the whole remaining area 
around the patch 32 as indicated in Fig. 3c, but only 25 
necessary to form the ground conductor 37 over the 
area outside of the edge connected to the feed line 
36, of the patch 32 and the area outside of its opposite 
edge with respect to the patch 32 by leaving a gap of 
a predetermined width between the conductor 37 and 30 
the patch 32. In other words, it is enough that the 
ground conductor 37 is formed over the areas outside 
of the edges of the patch 32 in the direction of the res- 
onant length. 

However, if the ground conductor 37 is formed 35 
over the whole remaining area around the patch 32 as 
the above-embodiment, the microstrip feed lines on 
the substrate 33 can be easily distributed. As will be 
described later, especially in case of an array antenna 
provided with a plurality of antenna elements formed 40 
on a single substrate, such whole area covering of the 
ground conductor can make the arrangement of the 
feed lines extremely easier. 

Fig. 4 shows measured radiation characteristics 
of the printed antenna according to this embodiment 45 
shown in Figs. 3a to 3e. As will be understood from 
the figure, the printed antenna of this embodiment 
can provide bidirectional radiation characteristics 
even in the E-plane. Parameters for the measurement 
of this characteristics are the same as these in Figs. so 
2a and 2b. Namely, the substrate 33 is a Teflon glass 
laminated substrate, formed in a rectangular shape, 
having a relative dielectric constant of 2.55, thickness 
of 1 .6 mm and size of about 1 0 cm X 1 0 cm. Also, the 
radiation patches 31 and 32 are formed in a square 55 
shape and the measurement frequency is 2.2 GHz. 

The radiation pattern, gain and VSWR character- 
istics of the printed antenna according to this embodi- 



ment will vary depending upon the width of the gap 
between the ground conductor 37 and the radiation 
patch 32. If the width of the gap is infinite, namely in 
case there is no ground conductor 37, the radiation 
pattern in the E-plane will be omnidirectional as well 
as that in the conventional art antenna. In case the 
ground conductor 37 is provided and the width of the 
gap between the ground conductor 37 and the radia- 
tion patch 32 becomes narrower, the radiation pattern 
in the E-plane will approach bidirectional. Therefore, 
this width of the gap is determined in accordance with 
desired radiation pattern, gain and VSWR character- 
istics of the printed antenna. In fact, this width may be 
determined equal to or less than approximately 1/5 of 
the resonant length a of the radiation patch 32 so as 
to obtain a desired bidirectional radiation pattern. 

The frequency band characteristics of the anten- 
na depends on the distance between the radiation 
patches 31 and 32, which corresponds to the thick- 
ness of the dielectric substrate 33. Thus, by appro- 
priately selecting this thickness, a desired frequency 
band characteristics can be expected. 

As described herein-before, the printed antenna 
according to the present invention is constituted by 
additionally forming the particular ground conductor 
in the conventional parallel patch antenna which has 
different structure as that of the microstrip antenna. 
Namely, the microstrip antenna is constituted by a 
substrate, a ground plane conductor formed over the 
whole area of one surface of the substrate and a ra- 
diation element conductor formed on the other sur- 
face of the substrate, whereas the conventional par- 
allel patch antenna is constituted by a substrate and 
two parallel patches, having the same shape and the 
same size, formed on the both surfaces of the sub- 
strate at plane symmetrical positions, respectively. 
Therefore, the antenna according to the present in- 
vention has different structure and differently oper- 
ates from the microstrip antenna and also from the 
conventional parallel patch antenna. As aforemen- 
tioned, according to the present invention, since the 
ground conductor is formed over the remaining whole 
area around the radiation patch by leaving a gap of a 
predetermined width between them, a printed anten- 
na with a bidirectional radiation pattern in both the E- 
plane and the H-plane can be provided in a simple 
structure. 

In this embodiment shown in Figs. 3a to 3e, the 
radiation patches 31 and 32 are formed in a square 
shape. However, these patches of the printed anten- 
na according to the present invention can be formed 
in various shapes other than the square such as cir- 
cular, ellipse, rectangular, pentagon, triangle, ring or 
semi disk shape as that of the conventional microstrip 
patch antenna. 

Furthermore, as has been done in the conven- 
tional microstrip patch antenna, it is possible to con- 
stitute the antenna according to the present invention 
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as that Its radiation patches are fed from orthogonal 
two feed points so as to share two polarizations, that 
a 90° hybrid is additionally used so as to excite right- 
handed and left-handed circularly polarized waves, 
or that the two polarizations are utilized to operate as 5 
a diversity antenna. 

Second Embodiment 

Fig. 5 shows an antenna structure of a second 10 
preferred embodiment according to the present in- 
vention. This embodiment is an array antenna align- 
ing in the H-plane a plurality (four in this example 
shown in Fig. 5) of antenna elements each of which 
corresponds to the antenna element according to the 15 
first embodiment. 

In the figure, reference numerals 51 and 52 de- 
note four pairs of radiation element conductors (radi- 
ation patches) formed in a rectangular shape such as 
a square shape on the both surfaces of the dielectric 20 
substrate 53, respectively. Each pair of these patches 
51 and 52 is formed in the same shape and the same 
size on the respective surfaces of the substrate 53 at 
positions opposing to each other, namely at plane 
symmetrical positions. 25 

On the front surface of the substrate 53, four strip 
conductors 54 and a branched strip conductor 55 are 
formed other than the radiation patches 51. Each 
branched end of the strip conductor 55 is coupled to 
approximately the center of an edge of each of the ra- 30 
diation patches 51 via each of the strip conductors 54. 
On the rear surface of the substrate 53, four strip con- 
ductors 56 and a ground conductor 57 are formed 
other than the radiation patches 52. The ground con- 
ductor 57 is formed over the remaining whole area 35 
around each of the patches 52 by leaving a gap of a 
predetermined width between them. The patches 52 
and the ground conductor 57 are connected each 
other by the respective strip conductors 56 formed at 
positions of the gap. 40 

Each of the strip conductors 54 and 56 are locat- 
ed on the respective surfaces of the substrate 53 in 
parallel at positions opposing to each other, namely at 
plane symmetrical positions, and thus constitute a 
balanced feed line. The strip conductors 55 are locat- 45 
ed on the front surface at corresponding positions 
where the ground conductor 57 is formed on the rear 
surface, and thus constitutes with the ground conduc- 
tor 57 an unbalanced feed line. The other end of the 
blanched strip conductor 55 is connected to a central 50 
conductor (not shown) of a connector 58 and the 
ground conductor 57 is connected to a ground con- 
ductor (not shown) of the connector 58. Although the 
array arrangement in this embodiment is constituted 
by four antenna elements, the number of the ele- 55 
ments can be optionally selected to two or more num- 
ber. 

Since the radiation patches 51 and 52 are fed by 



the parallel feed lines 54 and 56 formed respectively 
on the opposite surfaces of the substrate 53, these 
patches 51 and 52 are excited in inverted phase each 
other as well as these in the aforementioned first em- 
bodiment Accordingly, it is possible to radiate beams 
in directions perpendicular to the surfaces of the print- 
ed substrate 53. 

As will be assumed from the radiation pattern of 
the single antenna element in the first embodiment 
described before, according to this second embodi- 
ment, since on the rear surface of the substrate 53, 
the ground conductor 57 is formed over the remaining 
whole area around the patches 52 by leaving the gaps 
of a predetermined width between them, the radiation 
pattern in the E-plane becomes bidirectional and also 
the directive gain increases. Thus, a bidirectional an- 
tenna with higher gain can be expected. Also the ra- 
diation pattern in the H-plane becomes more direc- 
tional by this array arrangement of a plurality of an- 
tenna elements in the H-plane. 

Since the ground conductor 57 is formed over the 
whole remaining area around the patches 52, the 
feeding distribution lines using an unbalanced feed 
line to the radiation patches can be easily distributed. 

It has been described that the main beams from 
the printed antenna according to this second embodi- 
ment radiate in two directions perpendicular to the 
surfaces of the printed substrate. However, by vary- 
ing the exciting amplitude and the exciting phase of 
each of its antenna elements aligned in the H-plane, 
pattern synthesis in the H-plane can be freely carried 
out as well as done in the conventional array antenna. 
Furthermore, the antenna elements of the antenna 
according to the present invention may be aligned in 
the E-plane, may be arranged in two dimensional, or 
may be arranged in a spherical or conformal config- 
uration. 

Another constitution, modification and advantag- 
es of this second embodiment are substantially the 
same as those in the first embodiment shown in Figs. 
3a to 3e. 

Third Embodiment 

Figs. 6a and 6b show an antenna structure of a 
third preferred embodiment according to the present 
invention, wherein Fig. 6a is an oblique view of this 
antenna and Fig. 6b is a sectional view taken on a B- 
B line in Fig. 6a. 

In these figures, reference numerals 61 and 62 
denote radiation element conductors (radiation 
patches) formed in a rectangular shape such as a 
square shape on the both surfaces of the dielectric 
substrate 63, respectively. These patches 61 and 62 
are formed in the same shape and the same size on 
the respective surfaces of the substrate 63 at posi- 
tions opposing to each other, namely at plane sym- 
metrical positions. 
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On the front surface of the substrate 63, strip 
conductors 64 and 65 are formed other than the radi- 
ation patch 61. One end of the strip conductor 65 is 
coupled to approximately the center of one edge of 
the radiation patch 61 via the strip conductor 64. On 5 
the rear surface of the substrate 63, a strip conductor 
66 and a ground conductor 67 are formed other than 
the radiation patch 62. The ground conductor 67 is 
formed over the remaining whole area around the 
patch 62 by leaving a gap of a predetermined width 10 
between them. The patch 62 and the ground conduc- 
tor 67 are connected each other by the strip conductor 

66 formed at a position of the gap. 

The strip conductors 64 and 66 are located on the 
respective surfaces of the substrate 63 in parallel at 15 
positions opposing to each other, namely at plane 
symmetrical positions, and thus constitute a bal- 
anced feed line. The strip conductor 65 is located on 
the front surface at a corresponding position where 
the ground conductor 67 is formed on the rear sur- 20 
face, and thus constitutes with the ground conductor 

67 an unbalanced feed line. The other end of the strip 
conductor 65 is connected to a central conductor (not 
shown) of a connector 68 and the ground conductor 

67 is connected to a ground conductor (not shown) of 25 
the connector 68. 

Since the radiation patches 61 and 62 are fed by 
the parallel feed lines 64 and 66 formed respectively 
on the opposite surfaces of the substrate 63, these 
patches 61 and 62 are excited in inverted phase each 30 
other. Accordingly, it is possible to radiate beams in di- 
rections perpendicular to the surfaces of the printed 
substrate 63. 

As well as the first embodiment, since the ground 
conductor 67 is formed over the remaining whole area 35 
around the patch 62 by leaving a gap of a predeter- 
mined width between them, the radiation pattern in 
the E-plane becomes bidirectional and also the direc- 
tive gain increases. Thus, a bidirectional antenna with 
higher gain can be expected. In order to obtain the bi- 40 
directional radiation pattern in the E-plane, it is not 
necessary to form the ground conductor 67 over the 
whole remaining area around the patch 62, but only 
necessary to form the ground conductor 67 over the 
area outside of the edge connected to the feed line 45 
66, of the patch 62 and the area outside of the oppo- 
site edge with respect to the patch 62 by leaving a gap 
of a predetermined width between the conductor 67 
and the patch 62. In other words, it is enough that the 
ground conductor 67 is formed over the areas outside so 
of the edges of the patch 62 in the direction of the res- 
onant length. 

However, if the ground conductor 67 is formed 
over the whole remaining area around the patch 62 as 
the above-embodiment the microstrip feed lines on 55 
the substrate 63 can be easily distributed. Especially 
in case of antenna array provided with a plurality of 
antenna elements formed on a single substrate, such 



whole area covering of the ground conductor can 
make the arrangement of the feed lines extremely 
easier. 

This embodiment differs from the first embodi- 
ment in a point that two parallel parasitic element con- 
ductors (parasitic patches) 69 and 70 with no feeding, 
which oppose to the respective radiation patches 61 
and 62, are additionally arranged so as to increase 
the radiation efficiency. Each of the parasitic patches 
69 and 70 has the same shape and the same size as 
that of the radiation patch 61 (62), and locates at a 
position apart from the substrate 63 by a predeter- 
mined distance of for example about 1/10 of the wave 
length. 

In the conventional parallel patch antenna shown 
in Figs. 1a to 1c, if the distance between the radiation 
patches 11 and 12 (thickness of the dielectric sub- 
strate 13) is small, the electric field will be captured 
between these parallel patches causing its radiation 
efficiency to reduce. Contrary to this, if this distance 
is larger than a certain length, higher mode will be 
produced between the parallel patches and thus a de- 
sired radiation pattern cannot be expected. Also, in 
case the feeding is not balanced, the radiation effi- 
ciency will be increased but its bidirectional charac- 
teristics will deteriorate, namely its front-directional 
radiation pattern will become different from its rear- 
directional radiation pattern. 

In the present embodiment, however, since the 
two parallel parasitic patches 69 and 70 which op- 
pose to the respective radiation patches 61 and 62 
are arranged at positions apart from the substrate 63 
by a predetermined distance, the radiation efficiency 
can be increased. Fig. 7 shows calculated results of 
the gain characteristics with respect to the distance 
between the parallel patches 61 and 62 (h/X), of the 
antenna with and without the parasitic patches 69 and 
70. As is shown in this figure, in case there is no para- 
sitic patch, the electric field will be captured between 
the parallel radiation patches and thus the radiation 
efficiency will be reduced causing the gain to de- 
crease when the distance between the radiation 
patches h is equal to or less than approximately 0.02 
wave length (X). However, in case the parasitic patch- 
es 69 and 70 are additionally arranged, the gain can 
be improved by about 8 dB when the distance be- 
tween the radiation patches 61 and 62 (h) is equal to 
approximately 0.01 wave length (k) 

Using of parasitic conducting elements with no 
feeding in the conventional microstrip antenna so as 
to broaden its frequency band is known by for exam- 
ple T Hori and N. Nakajima, "Broadband Circularly 
Polarized Microstrip Array Antenna with Coplanar 
Feed", Electronics and Communications in Japan, 
Part 1, Vol. 69, No.11, 1986. However, as previously 
mentioned, the antenna according to the present in- 
vention operates differently from such the microstrip 
antenna and thus according to this embodiment, the 
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parasitic patches 69 and 70 are utilized so as to in- 
crease its radiation efficiency, not to broaden its fre- 
quency band. 

Furthermore, it will be understood that even if 
such parasitic patches are attached to the conven- 5 
tional parallel patch antenna shown in Figs. 1a to 1c, 
the bidirectional radiation characteristics in the E-pla- 
ne cannot be obtained. This is because that the radi- 
ation pattern in the E-plane of the conventional par- 
allel patch antenna is inherently omnidirectional or el- 10 
liptic pattern and therefore radiation component di- 
recting in a plane of the surface of the substrate (a di- 
rection parallel to a plane perpendicular to the E-pla- 
ne and to the H-plane) will be remained. On the other 
hand, since the antenna according to this embodi- 15 
ment has the particular ground conductor 67^ the bi- 
directional radiation characteristics can be obtained 
irrespective of with or without the parasitic patches. 

Although the printed antenna according to this 
third embodiment has only a single antenna element, 20 
the constitution of this embodiment can be applied to 
an array antenna having a plurality of antenna ele- 
ments. Furthermore, by varying the exciting ampli- 
tude and the exciting phase of each of the antenna 
elements, pattern synthesis can be freely carried out 25 
as well as done in the conventional array antenna. 

Another constitution, modification and advantag- 
es of this third embodiment are substantially the same 
as those in the first embodiment shown in Figs. 3a to 
3e and in the second embodiment shown in Fig. 5. 30 

Fourth Embodiment 

Fig. 8 shows an antenna structure of a fourth pre- 
ferred embodiment according to the present inven- 35 
tion. This embodiment is an array antenna aligning in 
the E-plane a plurality (four in this example shown in 
Fig. 8) of antenna elements each of which is consti- 
tuted by modifying the shape of the antenna element 
according to the first embodiment to a strip shape. 40 

In the figure, reference numerals 81 and 82 de- 
note four pairs of radiation element conductors (radi- 
ation patches) formed in a strip shape on the both sur- 
faces of the dielectric substrate 83, respectively. 
Each pair of these patches 81 and 82 is formed in the 45 
same shape and the same size on the respective sur- 
faces of the substrate 83 at positions opposing to 
each other, namely at plane symmetrical positions. 

On the front surface of the substrate 83, four strip 
conductors 84 and a branched strip conductor 85 are so 
formed other than the radiation patches 81. Each 
branched end of the strip conductor 85 is coupled to 
a longer side (having the length a) of each of the ra- 
diation patches 81 via each of the strip conductors 84. 
On the rear surface of the substrate 83, four strip con- 55 
ductors 86 and a ground conductor 87 are formed 
other than the radiation patches 82. The ground con- 
ductor 87 is formed over the remaining whole area 



around each of the patches 82 by leaving a gap of a 
predetermined width between them. The patches 82 
and the ground conductor 87 are connected each 
other by the respective strip conductors 86 formed at 
positions of the gap. 

Each of the strip conductors 84 and 86 are locat- 
ed on the respective surfaces of the substrate 83 in 
parallel at positions opposing to each other, namely 
at plane symmetrical positions, and thus constitute a 
balanced feed line. The strip conductors 85 are locat- 
ed on the front surface at corresponding positions 
where the ground conductor 87 is formed on the rear 
surface, and thus constitutes with the ground con- 
ductor 87 an unbalanced feed line. The other end of 
the blanched strip conductor 85 is connected to a cen- 
tral conductor (not shown) of a connector 88 and the 
ground conductor 87 is connected to a ground con- 
ductor (not shown) of the connector 88. Although the 
array arrangement in this embodiment is constituted 
by four antenna elements, the number of the ele- 
ments can be optionally selected to two or more num- 
ber. 

In the most cases as well as the aforementioned 
embodiments, the length of the sides of the radiation 
patches a and b are substantially equal to each other. 
Namely, each of the radiation patches are formed in 
a square shape. However, in this fourth embodiment, 
the radiation patches are designed so that the length 
of the side b is shorter than a. If the frequency band 
used is narrow, there will occur no problem to consti- 
tute the patches having the side length as b < a. The 
reason of this is as follows. 

Feeding point to the radiation patches is typically 
determined to the center of its side b. This is because, 
if the feeding point is off-centered on the side b, the 
current in the patches will flow in parallel not only with 
the side a but also with the side b. Thus resonance will 
also occur at a frequency corresponding to the length 
of b. However, if it is selected that the side length b 
is shorter than the side length a, the resonant fre- 
quency corresponding the length b will greatly differ 
from the desired resonant frequency corresponding 
to the length a and, as a result, this resonance has no 
influence on the required frequency band. 

The fourth embodiment utilizes this concept by 
determining the length a of the two sides of the radi- 
ation patches 81 and 82 to a resonant length corre- 
sponding to the desired resonant frequency, by deter- 
mining the length b of the other two sides to a length 
shorter than the length a, and by feeding by means of 
the balanced feed line 85 from an off-centered point 
on the side of the length a. Thus, this antenna reso- 
nates at both the resonance frequencies correspond- 
ing to the lengths a and b, and can be utilized as an 
antenna with a resonant frequency corresponding to 
the length a since the resonance mode corresponding 
to the length b will have no effect on the required res- 
onant frequency band. 
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The impedance at the center point of the side of 
a of the patches 81 and 82 is substantially 0 n, and 
increases as approaching to the end of the side. At the 
end of the side, the impedance will be more than 
about 300 CI. In the conventional antenna, feeding is 
carried out at a point on the side of the length b so as 
to provide the resonant frequency corresponding to 
the length a by flowing current in the direction of ar- 
rows shown in Fig. 8. Thus, the impedance at the 
feeding point is high causing an impedance matching 
section to be provided. This results complicated cir- 
cuit construction. 

On the other hand, according to this embodiment, 
feeding can be carried out at a point on the side of the 
length a other than its both ends. This means that the 
feeding point can be freely selected depending upon 
the characteristics impedance of the balanced feed 
line so as to obtain impedance matching. Therefore 
no additional impedance matching section is neces- 
sary causing the circuit configuration to become sim- 
ple and small. This technique is extremely advanta- 
geous for realizing a printed antenna according to the 
present invention, and thus a bidirectional radiation 
antenna can be provided with more simple construc- 
tion. 

Another constitution, modification and advantag- 
es of this fourth embodiment are substantially the 
same as those in the first embodiment shown in Figs. 
3a to 3e and in the second embodiment shown in Fig. 
5. 

Fifth Embodiment 

Figs. 9a to 9c show an antenna structure of a fifth 
preferred embodiment according to the present in- 
vention, wherein Fig. 9a is a partially broken oblique 
view of this antenna and its partially enlarged oblique 
view, Fig. 9b is a sectional view taken on a B'-B' line 
in Fig. 9a, and Fig. 9c is a plane view indicating con- 
ductor patterns formed on the front and rear surfaces 
of its substrate. 

This embodiment is a concrete example of an ar- 
ray antenna shown in Fig. 8 provided with parasitic 
patches shown in Figs. 6a and 6b and housed in a cyl- 
indrical radome. 

In these figures, reference numerals 91 and 92 
denote pairs of radiation element conductors (radia- 
tion patches) formed in a strip shape on the both sur- 
faces of the dielectric substrate 93, respectively. 
Each pair of these patches 91 and 92 is formed in the 
same shape and the same size on the respective sur- 
faces of the substrate 93 at positions opposing to 
each other, namely at plane symmetrical positions so 
as to constitute an antenna element. 

On the front surface of the substrate 93, strip 
conductors 94 and a branched strip conductor 95 are 
formed other than the radiation patches 91. Each 
branched end of the strip conductor 95 is coupled to 



a longer side of each of the radiation patches 91 at a 
off-centered point via each of the strip conductors 94. 
On the rear surface of the substrate 93, strip conduc- 
tors 96 and a ground conductor 97 are formed other 

5 than the radiation patches 92. The ground conductor 
97 is formed over the remaining whole area around 
each of the patches 92 by leaving a gap of a prede- 
termined width between them. The patches 92 and 
the ground conductor 97 are connected each other by 

10 the respective strip conductors 96 formed at positions 
of the gap. 

The strip conductors 94 and 96 are located on the 
respective surfaces of the substrate 93 in parallel at 
positions opposing to each other, namely at plane 

15 symmetrical positions, and thus constitute balanced 
feed lines. The strip conductors 95 are located on the 
front surface at corresponding positions where the 
ground conductor 97 is formed on the rear surface, 
and thus constitute with the ground conductor 97 un- 

20 balanced feed lines. 

Pairs of parallel parasitic element conductors 
(parasitic patches) 99 and 100 with no feeding, which 
oppose to the respective radiation patches 91 and 92, 
are additionally arranged so as to increase the radia- 

25 tion efficiency. Each of the parasitic patches 99 and 
100 has the same shape and the same size as that 
of the radiation patch 91 (92), and locates at a position 
apart from the substrate 93 by a predetermined dis- 
tance of for example about 1/10 of the wave length. 

30 These parasitic patches 99 and 100 are formed on 
auxiliary substrates 101 and 102, respectively. 

A plurality of these antenna elements are formed 
on the substrate 93 and they are housed in a cylindri- 
cal radome 103. The other end of the blanched strip 

35 conductor 95 is connected to a central conductor (not 
shown) of a connector 98 which is projected from the 
radome 103 and the ground conductor 97 is connect- 
ed to a ground conductor (not shown) of the connector 
98. 

40 Another constitution, modification and advantag- 

es of this fifth embodiment are substantially the same 
as those in the third embodiment shown in Figs. 6a 
and 6b and in the fourth embodiment shown in Fig. 8. 
Figs. 10a and 10b show the measured result of 

45 the radiation characteristics of the antenna according 
to this embodiment, wherein Fig. 10a indicates the ra- 
diation pattern in the H-plane and Fig. 10b the radia- 
tion pattern in E-plane. The measurement of Figs. 
10a and 10b was carried out by using a Teflon glass 

so laminated substrate 93, formed in a strip shape, hav- 
ing a relative dielectric constant of 2.55, thickness of 
1.6 mm and width of 30 mm. Also, the length of the 
shorter side of the radiation patches was about 10 
mm, spaces between the patches was about 0.9 

55 wave length, distance between the radiation patches 
91 and 92 and the parasitic patches 99 and 100 was 
about 10 mm and the measurement frequency was 
2.2 GHz. 
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Since a plurality of antenna elements are ar- 
ranged in the E-plane in an array, the radiation pat- 
tern in this E-plane becomes more directional. Also, 
since the radiation patches are formed in a strip 
shape, the radiation pattern in the H-plane becomes 5 
bidirectional with a broaden beam width. 

Sixth Embodiment 

Fig. 11 shows an antenna structure of a sixth pre- 10 
ferred embodiment according to the present inven- 
tion. This embodiment is an antenna having a struc- 
ture which is combined by a bidirectional strip patch 
antenna and a bidirectional slot antenna. 

In thefigure, reference numerals 111 and 112 de- 15 
note radiation element conductors (radiation patches) 
formed in a strip shape on the both surfaces of the di- 
electric substrate 113, respectively. These patches 
111 and 112 are formed in the same shape and the 
same size on the respective surfaces of the substrate 20 
113 at positions opposing to each other, namely at 
plane symmetrical positions. 

On the front surface of the substrate 113, strip 
conductors 114 and 115 are formed other than the ra- 
diation patch 111. One end of the strip conductor 115 25 
is coupled to a longer side of the radiation patch 111 
via the strip conductor 114. On the rear surface of the 
substrate 113, a strip conductor 116 and a ground 
conductor 117 are formed other than the radiation 
patch 112. The ground conductor 117 is formed 30 
around the patch 112 by leaving a gap of a predeter- 
mined width between them. The patch 112 and the 
ground conductor 117 are connected each other by 
the strip conductor 116 formed at the position of the 
gap. 35 

The strip conductors 114 and 116 are located on 
the respective surfaces of the substrate 113 in paral- 
lel at positions opposing to each other, namely at 
plane symmetrical positions, and thus constitute a 
balanced feed line. The strip conductor 115 are locat- 40 
ed on the front surface at corresponding positions 
where the ground conductor 11 7 is formed on the rear 
surface, and thus constitutes with the ground conduc- 
tor 11 7 an unbalanced feed line. The other end of the 
strip conductor 115 is connected to a central conduc- 45 
tor (not shown) of a connector 118 and the ground 
conductor 117 is connected to ground conductors (not 
shown) of the connector 118 and of a connector 126. 

Two parallel parasitic element conductors (para- 
sitic patches) 119 and 120 with no feeding, which op- so 
pose to the respective radiation patches 111 and 112, 
are additionally arranged so as to increase the radia- 
tion efficiency. Each of the parasitic patches 119 and 
120 has the same shape and the same size as that 
of the radiation patch 111 (112), and locates at a pos- 55 
ition apart from the substrate 113 by a predetermined 
distance of for example about 1/10 of the wave length. 

This sixth embodiment differs from the third em- 



bodiment in the following two points. First, a slot 125 
is formed in a strip shape on the substrate 113 within 
the area where the ground conductor 117 exists at a 
position aligning with the radiation patch 112. The 
length of the slot 125 is equal to the resonant length 
as well as the length of the radiation patches 111 and 
112. This slot 125 is produced by omitting this strip 
shape area of the ground conductor 117 on the rear 
surface of the substrate 113 as an opening. The 
ground conductor 117 will be formed over the remain- 
ing whole area. Second, on the front surface of the 
substrate 113, a strip conductor 124 providing with 
the ground conductor 117 a microstrip (unbalanced) 
feed line 124 is formed. One end portion of this strip 
conductor 1 24 crosses the slot 1 25, and the other end 
thereof is connected to a central conductor (not 
shown) of the connector 126. 

According to this embodiment, since the ground 
conductor 117 is formed over the remaining whole 
area on the rear surface of the substrate 113, the slot 
125 can be arranged in the same planes with the ra- 
diation patch 112. Also, since the microstrip feed line 

124 is arranged within the area of the ground conduc- 
tor 1 1 7, feeding to the slot 1 25 can become easier and 
thus it is possible to independently operate the slot 

125 with respect to the radiation patches 111 and 112, 
In this case, the patches 111 and 112 will radiate vert- 
ical polarization and the slot 125 will radiate horizon- 
tal polarization. Thus it is possible to realize a shared 
polarization antenna and also to provide a diversity 
antenna using both the vertical and horizontal polar- 
izations. 

Another constitution, modification and advantag- 
es of this sixth embodiment are substantially the 
same as those in the third embodiment shown in Figs. 
6a and 6b and in the fourth embodiment shown in Fig. 
8. 

Seventh Embodiment 

Fig. 12 shows an antenna structure of a seventh 
preferred embodiment according to the present in- 
vention. This embodiment is an antenna wherein a 
90° hybrid for power synthesis is added to the anten- 
na structure, shown in Fig. 11, combined by a bidir- 
ectional strip patch antenna and a bidirectional slot 
antenna, so that both right-handed and left-handed 
circular polarization can be radiated. 

The antenna shown in Fig. 12 has the same con- 
stitution as that of the antenna shown in Fig. 11 ex- 
cept that this antenna has the 90° hybrid 127. Thus, 
in Fig. 1 2, the same reference numerals are used for 
the similar elements as these in the sixth embodi- 
ment shown in Fig. 11. 

In this embodiment, the line length and the line 
width of the unbalanced feed line (strip conductors 
115) to the radiation patches 111 and 112 and of the 
unbalanced feed line (strip conductor 124) to the slot 
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125 are designed so that the exciting phase and ex- 
citing amplitude at the patches and the slot coincide 
with each other, respectively. Thus, by means of the 
90° hybrid 127, the polarizations can be fed to the or- 
thogonal polarization (vertical and horizontal polari- 
zations) antenna elements with a phase difference of 
90° , respectively, and accordingly a circular polariza- 
tion can be excited. 

In this embodiment, the 90° hybrid 127 is mount- 
ed separately from the dielectric substrate 113. How- 
ever, in a modification, this hybrid may be formed on 
the substrate 113. 

The conventional circular polarization antenna 
such as a cross dipole antenna is constituted by per- 
pendicularly crossing two antennas which have dif- 
ferent radiation patterns in the E-plane and in the bi- 
plane. Thus, due to the radiation pattern difference 
between the both planes, its ellipticity becomes poor 
in the directions other than the main beam direction 
causing no circular polarization to be provided. On the 
other hand, the antenna according to this seventh em- 
bodiment can be constituted so that the radiation pat- 
tern of the patches 111 and 112 in the E-plane and the 
radiation pattern of the slot 125 in the H-plane, and 
also the radiation pattern of the patches 111 and 112 
in the H-plane and the radiation pattern of the slot 125 
in the E-plane are substantially equal to each other, 
respectively. Therefore, in the horizontal plane, excel- 
lent circular polarization can be obtained over a wider 
angle. In the vertical plane, however, since the verti- 
cal and horizontal polarization elements are located 
apart from each other, "array effect" may occur caus- 
ing its ellipticity to become poor in the directions other 
than the main beam direction. 

In this embodiment, the right-handed and left- 
handed circular polarizations can be selectively excit- 
ed by selecting either the port 118 or the port 126 as 
the feeding input. Therefore, the antenna shown in 
Fig. 12 can operate as a diversity antenna using the 
right-handed and left-handed circular polarizations 
as well as the antenna shown in Fig. 11 which can op- 
erate as a diversity antenna using the vertical and 
horizontal polarizations. 

Another constitution, modification and advantag- 
es of this seventh embodiment are substantially the 
same as those in the sixth embodiment shown in Fig. 
11. 

Eighth Embodiment 

Fig. 13 shows an antenna structure of an eighth 
preferred embodiment according to the present in- 
vention. 

This embodiment is a concrete example of an ar- 
ray antenna provided with a plurality of the patch-slot 
combined antenna elements shown in Fig. 11 ar- 
ranged on substrates and housed in a cylindrical ra- 
dome. 



As shown in the figure, two pairs of radiation 
patches (131) formed in a strip shape are patterned 
on the both surfaces of a strip-shaped dielectric sub- 
strate 133, respectively. Also, on the substrate 133, 
5 two slots 135 are formed in a strip shape within the 
area where the ground conductor exists at positions 
aligning with the radiation patches formed on the rear 
surface of the substrate 133. In this embodiment, 
each of the radiation patches (131) and each of the 
10 slots 135 are alternately aligned along the strip- 
shaped substrate 133. 

Pairs of parallel parasitic patches 139 and 140 
with no feeding, which oppose to the respective radi- 
ation patches 131, are arranged so as to increase the 
15 radiation efficiency. These parasitic patches 1 39 and 
140 are formed on auxiliary substrates 141 and 142, 
respectively. 

According to this eighth embodiment, these two 
sets of antenna elements each combined by a bidir- 
20 ectional strip patch antenna and a bidirectional slot 
antenna are housed in a cylindrical radome 143. Al- 
though the array arrangement in this embodiment is 
constituted by two sets of antenna elements, the 
number of the elements can be optionally selected to 
25 two or more number. 

Another constitution, modification and advantag- 
es of this eighth embodiment are substantially the 
same as those in the fifth embodiment shown in Figs. 
9a to 9c and in the sixth embodiment shown in Fig. 1 1 . 

30 

Ninth Embodiment 

Fig. 14 shows an antenna structure of a ninth pre- 
ferred embodiment according to the present inven- 
35 tion. 

This embodiment is a concrete example of an ar- 
ray antenna provided with a plurality of the patch-slot 
combined antenna elements shown in Fig. 11 ar- 
ranged on substrates and housed in a cylindrical ra- 
40 dome as well as the aforementioned embodiment of 
Fig. 13. 

As shown in the figure, two pairs of radiation 
patches (131) formed in a strip shape are patterned 
on the both surfaces of a strip-shaped dielectric sub- 

45 strate 133, respectively. Also, on the substrate 133, 
two slots 135 are formed in a strip shape within the 
area where the ground conductor exists at positions 
aligning with the radiation patches formed on the rear 
surface of the substrate 133. However, in this em- 

50 bodiment, two pairs of the patches (131) are sepa- 
rately arranged from the respective two slots 135 
along the strip-shaped substrate 133. 

Pairs of parallel parasitic patches 139 and 140 
with no feeding, which oppose to the respective radi- 

55 ation patches 131, are also arranged so as to in- 
crease the radiation efficiency. These parasitic 
patches 139 and 140 are also formed on auxiliary 
substrates 141 and 142, respectively. These two sets 
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of antenna elements each combined by a bidirection- 
al strip patch antenna and a bidirectional slot antenna 
are housed in a cylindrical radome 143. Although the 
array arrangement in this embodiment is constituted 
by two sets of antenna elements, the number of the 5 
elements can be optionally selected to two or more 
number. 

Another constitution, modification and advantag- 
es of this ninth embodiment are substantially the 
same as those in the eighth embodiment shown in 10 
Fig. 13. Therefore, in Fig. 14, the same reference nu- 
merals are used for the similar elements as these in 
the eighth embodiment shown in Fig. 13. 

Many widely different embodiments of the pres- 
ent invention may be constructed without departing 15 
from the spirit and scope of the present invention. It 
should be understood that the present invention is not 
limited to the specific embodiments described in the 
specification, except as defined in the appended 
claims. 20 



Claims 

1. A bidirectional printed antenna comprising: 25 
a dielectric substrate having first and sec- 
ond surfaces which are substantially in parallel; 

at least one pair of radiation element con- 
ductors having the same shape and the same 
size, each pair, of said radiation element conduc- 30 
tors being arranged on said first and second sur- 
faces at positions opposing with each other, re- 
spectively; 

a feeding circuit coupled to at least one 
edge of each of said radiation element conduc- 35 
tors; 

a ground conductor arranged on said sec- 
ond surface, said ground conductor covering at 
least an area outside of said edge of said radia- 
tion element conductor, coupled to said feeding 40 
circuit, and an area outside of the opposite edge 
with respect to said radiation element conductor 
by leaving a gap of a predetermined width be- 
tween the radiation element conductor and the 
ground conductor; 45 

a first strip conductor arranged on said 
first surface and connected to said radiation ele- 
ment conductor on the first surface; and 

a second strip conductor arranged on said 
second surface, for connecting said radiation ele- 50 
ment conductor on the second surface with said 
ground conductor, 

said feeding circuit including an unbal- 
anced feed line which consists of said ground 
conductor and said first strip conductor, and a 55 
balanced feed line which consists of said first and 
second strip conductors. 



2. The antenna as claimed in claim 1, wherein said 
ground conductor is arranged around said radia- 
tion element conductor by leaving a gap of a pre- 
determined width between the radiation element 
conductor and the ground conductor. 

3. The antenna as claimed in claim 1, wherein a 
plurality of pairs of said radiation element con- 
ductors are arranged on the substrate in an array. 

4. The antenna as claimed in claim 1 , wherein each 
of said radiation element conductors is formed in 
a square shape having four sides, and wherein 
said balanced feed line is connected to one of 
said four sides of the radiation element conductor 
at its center. 

5. The antenna as claimed in claim 1 , wherein each 
of said radiation element conductors is formed in 
a rectangular shape having long sides and short 
sides which are shorter than said long sides, and 
wherein said balanced feed line is connected to 
one of said long sides of the radiation element 
conductor. 

6. The antenna as claimed in claim 5, wherein said 
balanced feed line is connected to said long side 
of the radiation element conductor at an off-cen- 
tered point. 

7. The antenna as claimed in claim 1, wherein said 
antenna further comprises at least one pair of 
parasitic element conductors with no feeding, 
which oppose said radiation element conductors, 
respectively, each of said parasitic element con- 
ductors having substantially the same shape as 
that of the radiation element conductor and locat- 
ing at a position apart from each of said radiation 
element conductors by a predetermined dis- 
tance. 

8. The antenna as claimed in claim 1, wherein said 
unbalanced feed line has a predetermined line 
length and a predetermined line width so that ex- 
citing phase and exciting amplitude of said radi- 
ation element conductors are controlled to a de- 
sired phase and to a desired amplitude, respec- 
tively. 

9. The antenna as claimed in claim 2, wherein said 
antenna further comprises at least one slot and 
a third strip conductor arranged on said first sur- 
face to be crossed with said slot, and wherein 
said slot is fed by an unbalanced feed line which 
consists of said third strip line and said ground 
conductor. 

10. The antenna as claimed in claim 9, wherein a 
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plurality of pairs of said radiation element con- 
ductors and a plurality of said slot are arranged 
on the substrate in an array, and wherein the 
number of said slot is the same as that of said 
pairs of the radiation element conductors. 5 

11. The antenna as claimed in claim 9, wherein said 
radiation element conductors is formed in a rec- 
tangular shape having long sides and short sides 
which are shorter than said long sides, and 10 
wherein said balanced feed line is connected to 

one of said long sides of the radiation element 
conductor. 

12. The antenna as claimed in claim 9, wherein said 15 
antenna further comprises at least one pair of 
parasitic element conductors with no feeding, 
which oppose said radiation element conductors, 
respectively, each of said parasitic element con- 
ductor having substantially the same shape as 20 
that of the radiation element conductor and locat- 
ing at a position apart from each of said radiation 
element conductors by a predetermined dis- 
tance. 

25 

13. The antenna as claimed in claim 9, wherein said 
unbalanced feed line has a predetermined line 
length and a predetermined line width so that ex- 
citing phase and exciting amplitude of said radi- 
ation element conductors are controlled to a de- 30 
sired phase and to a desired amplitude, respec- 
tively. 

14. The antenna as claimed in claim 9, wherein said 
antenna further comprises a 90° hybrid inserted 35 
between said unbalanced feed line for feeding to 

said radiation element conductors and said un- 
balanced feed line for feeding to said slot 
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Fig. 3a 
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Fig. 4 
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Fig. 7 
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